The Wickerhamiella clade, which belongs to the family Trichomonascaceae, is well-supported by multigene phylogenetic analyses that included gene sequences for the nearly complete large subunit (LSU) rRNA, mitochondrial small subunit (SSU) rRNA and cytochrome oxidase II (COXII) (Kurtzman & Robnett, 2007) . Based on phylogenetic analysis of concatenated gene sequences for the nearly entire LSU rRNA, SSU rRNA, translation elongation factor-1a (EF-1a), and RNA polymerase II subunits 1 (RPB1) and 2 (RPB2), this clade was closely related to the Starmerella clade (Kurtzman & Robnett, 2013) . At the time of writing, the Wickerhamiella clade consists of 31 species, among them six species with a sexual state including Wickerhamiella australiensis, Wickerhamiella cacticola, Wickerhamiella domercqiae, Wickerhamiella lipophila, Wickerhamiella occidentalis and Wickerhamiella pagnoccae, and 25 species that are not known to form ascospores Barbosa et al., 2012; Badotti et al., 2013; Hagler et al., 2013; Dayo-Owoyemi et al., 2014; Khunnamwong et al., 2014; Ren et al., 2014) . There are many unknown species that might yet be discovered in the Wickerhamiella clade because of the low degree of sequence relatedness among some described species in this clade Ren et al., 2014) . Wickerhamiella species are also a phenotypically homogenous group of nutritionally specialised species . Most of these species are physiologically similar in their utilization of carbon and nitrogen compounds, as well as other growth tests, and it is difficult to separate them on the basis of phenotypic characteristics. Therefore, species identification should be based on rRNA gene sequence comparisons.
During a study on yeasts associated with insects, eight unidentified yeast strains were obtained from Coleoptera insects in three families collected in Nanyang, Henan Province, central China. Sequence analysis of the D1/D2 domains of the LSU rRNA gene showed that these yeasts represent three novel species. All the yeast species exhibited Wickerhamiella affinity, but ascospores from the species were not found. In this study, we describe these species as Wickerhamiella brachini f.a., sp. nov., Wickerhamiella Host insects were collected from three localities in Henan Province, central China using light traps or by directly extracting them from their habitats, such as tree bark and humus (Table 1) . The methods used to isolate the yeasts from the gut of insects have been described previously (Nguyen et al., 2006; Urbina et al., 2013) . The insects were placed in Petri dishes for 1-3 days without food prior to dissection, which helps eliminate some contaminating organisms that may be isolated from the gut. Surface disinfection was performed by submersion in 95 % ethanol for 1-2 min. The alcohol wash was followed by a 0.7 % saline rinse. The insect gut was removed aseptically under a dissecting microscope. The gut segments were streaked on acidified yeast extract-malt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1 % glucose, 2 % plain agar; adjusted to pH 3.5 with HCl) plates and incubated at 25 C for 3-4 days. The different yeast morphotypes were purified at least twice and stored on YM agar slants at 4 C and in 15 % glycerol at À80 C.
The yeast strains were characterized by standard procedures described by Kurtzman et al. (2011) . Assimilation tests for carbon and nitrogen sources were performed in liquid media. Starved inocula were used in nitrogen assimilation tests. Ascosporulation was investigated on YM agar, 5 % malt extract agar, cornmeal agar and yeast carbon base supplemented with 0.01 % ammonium sulphate (YCBAS) agar (1.1 % yeast carbon base, 0.01 % ammonium sulphate and 1.8 % agar) in pure and mixed cultures at 15 and 25 C. The cultures were examined weekly for up to 4 weeks.
Genomic DNA was extracted using Dr. GenTLE (from Yeast) High Recovery (Takara Bio) in accordance with the manufacturer's protocol. The D1/D2 domains of the LSU rRNA gene and internal transcribed spacer (ITS) regions were amplified by PCR, and sequenced using primers NL1 and NL4 (Kurtzman & Robnett, 1998) and ITS1 and ITS4 (White et al., 1990) , respectively. PCR conditions recommended in the references for each primer pair were adopted. Both DNA strands were sequenced using a dye terminator cycle sequencing kit (Applied Biosystems).
The sequences were compared pairwise via Basic Local Alignment Search Tool (BLAST) search (Altschul et al., 1997) and aligned with the sequences of related species retrieved from the GenBank database by using the multiple alignment program CLUSTAL X version 1.81 (Thompson et al., 1997) . A phylogenetic tree based on the D1/D2 domains of the LSU rRNA gene sequences was reconstructed using the neighbour-joining method in MEGA 5.0 (Tamura et al., 2011) . The evolutionary distances were calculated from the twoparameter model of Kimura (1980) for the neighbour-joining analyses. Dipodascus magnusii NRRL Y-17563 T was used as an outgroup. The confidence levels of the clades were estimated through bootstrap analysis (1000 replicates) (Felsenstein, 1985) , and only values greater than 50 % were recorded on the resulting tree. Reference sequences were retrieved from the GenBank database under the accession numbers indicated in the tree.
Species delineation, classification and ecology
Forty-five yeast strains were isolated from the gut of Coleoptera insects in three families: 21 strains from four samples of Pterostichus pterostichi (Carabidae), 13 strains from two samples of Protaetia brevitarsis (Cetoniidae), 7 strains from two individuals of Brachinus scotomedes (Carabidae), and 4 strains from one Dorcus titanus (Lucanidae). Rapid identification with the D1/D2 sequences indicated that 37 strains were ascomycete yeasts in the class Saccharomycetes. These species included Candida gotoi, Candida potacharoeniae, Candida sergipensis, Candida sorbosivorans, Hyphopichia paragotoi, Lachancea kluyveri, Saccharomyces cerevisiae, Meyerozyma guilliermondii and Pichia exigua. In addition to the previously known yeast taxa, eight strains were identified as three novel species on the basis of phylogenetic analysis of DNA sequences and morphological and physiological characteristics. The D1/D2 sequences were identical for members within each taxon, but more than 14 basepairs separated each of the group members from other novel or previously known species. Neither sporulation nor conjugation was observed in either mixed or pure cultures grown on a variety of different sporulation media. Table 1 shows the group of three novel yeast species. The novel species are described as Wickerhamiella brachini f.a., sp. nov., Wickerhamiella pterostichi f.a., sp. nov. and Wickerhamiella qilinensis f.a., sp. nov., respectively.
A phylogenetic tree reconstructed by the neighbour-joining method based on the D1/D2 sequences is depicted in Fig. 1 . The results showed that the clade Wickerhamiella is separated into two phylogenetically distinct suclades, which are consistent with previous findings (Kurtzman & Robnett, 2007; Hagler et al., 2013; Khunnamwong et al., 2014 , which were the dominant yeast species in frozen pulps of the tropical fruits umbú and mangaba (Trindade et al., 2002) (Fig. 1) . The D1/D2 sequence of W. brachini sp. nov differed from the type strain of C. sergipensis by 2.5 % sequence divergence (14 substitutions, 0 gaps) and from the type strain of C. spandovensis by 3.4 % sequence divergence (18 substitutions, 1 gaps). However, the ITS sequence of W. brachini sp. nov could not be successfully aligned with the type strains of the two related species because their ITS sequences are not currently available from either the NCBI GenBank database or the CBS database. Additionally, W. brachinus sp. nov. can be differentiated from C. sergipensis and C. spandovensis on the basis of carbon assimilation and other physiological characteristics. W. brachini sp. nov. differed from C. sergipensis in its ability to assimilate D-ribose, D-xylose, inulin, ribitol, succinate and citrate, and to grow in the presence of 0.01 % cycloheximide, and from C. spandovensis in its ability to assimilate D-ribose and inulin, and to grow in the presence of 0.01 % cycloheximide, and the inability to assimilate L-arabinose and ethanol.
Phylogenetic analysis of the D1/D2 sequences placed W. pterostichi sp. nov. as a sister taxa to W. qilinensis sp. nov. (Fig. 1) . These two sister species were phylogenetically related to Candida kazuoi JCM 12558 T , which was isolated from insect frass collected in southern Thailand (Nakase et al., 2007) . The two new taxa differed from each other by 6.9 % sequence divergence (36 substitutions and 2 gaps) in the D1/D2 domains and by 17.4 % sequence divergence (44 substitutions and 28 gaps) in the ITS regions. The two sister species also differed from the type strain of C. kazuoi by 10.1 % sequence divergence (45-50 substitutions, 6 gaps) in the D1/D2 sequences. However, the ITS sequences of the two sister species could not be successfully aligned with the type strain of C. kazuoi because its ITS sequence is not currently available from either the NCBI GenBank database or the CBS database. Moreover, the two sister species can be differentiated from their closest described species, C. kazuoi , with respect to their ability to assimilate mannitol and glucitol, and inability to assimilate glycerol and citrate and to grow in the presence of 10 % NaCl plus 5 % glucose. The physiological characteristics of W. pterostichi sp. nov. can be also differentiated from its sister species W. qilinensis sp. nov. by positive assimilations of cellobiose and inulin, and inability to assimilate D-arabinose and maltose and to grow in the presence of 0.01 % cycloheximide.
All three novel species in this study were isolated from the gut of three divergent families of Coleoptera insects collected in summer from their natural habitats located in Nanyang, belonging to a warm, temperate zone, with monsoon-influenced, semi-humid continental climate in central China. These insects are mainly distributed in tropical and subtropical regions in Asia. The three strains of W. brachini sp. nov. studied were isolated from the gut of two different insect species. Two of the strains were found from two samples of Brachinus scotomedes and the other strain from one Dorcus titanus beetle (Table 1) . W. pterostichi sp. nov was isolated from three samples of two different insect species. Two strains of W. pterostichi sp. nov. were found from two individuals of Pterostichus pterostichi and another strain from Protaetia brevitarsis. W. qilinensis sp. nov. was isolated from the gut of different beetles belonging to the same insect species Pterostichus pterostichi collected on one mountain (Table 1) . For the majority of the insects collected, only one yeast species was isolated from the gut of one beetle. However, from the gut of one beetle of Pterostichus pterostichi, two yeast species, W. pterostichi sp. nov and W. qilinensis sp. nov, were isolated. The yeasts on the body surface of the insects collected were also isolated and identified. None of the strains belonging to the novel species were found. Recently, five new yeast species, Candida pseudoviswanathii, Candida oxycetoniae, Candida jiufengensis, Candida pseudojiufengensis and Candida blackwellae were found from the other species of these insect families (Ji et al., 2009; Ren et al., 2015) . These results suggested that there are many unknown species that might yet be discovered in these families.
Description of Wickerhamiella brachini Hui & Ren sp. nov.
Wickerhamiella brachini (bra.chi¢ni. N.L. gen. n. brachini of the host insect, Brachinus scotomedes, from which the type strain of this species was isolated).
In YM broth after 3 days at 25 C, the cells are ovoid to ellipsoidal (2.5-5Â3-6 µm) and occur singly or in pairs. Budding is multilateral (Fig. 2a) . Sediment is formed after 1 month, but no pellicle is observed. On YM agar after 6 days at 25 C, colonies are raised, white and smooth with an entire edge. After 2 weeks in Dalmau plate culture on cornmeal agar at 25 C, pseudohyphae or true mycelia are not formed. Ascospores are not observed on YM, 5 % malt extract, cornmeal and YCBAS agars in pure and mixed Wickerhamiella pterostichi (pte.ro.sti¢chi. N.L. gen. n. pterostichi of the host beetle, Pterostichus gebleri, from which the type strain of this species was isolated).
In YM broth after 3 days at 25 C, the cells are ovoid to ellipsoidal (1.5-3.5Â2-7.5 µm) and occur singly or in pairs. Budding is multilateral (Fig. 2b) . Sediment is formed after 1 month, but no pellicle is observed. On YM agar after 6 days at 25 C, colonies are raised, white and smooth with an entire edge. In YM broth after 3 days at 25 C, the cells are ovoid to ellipsoidal (2-5Â2-5 µm) and occur singly or in pairs. Budding is multilateral (Fig. 2c) . Sediment is formed after 1 month, but no pellicle is observed. On YM agar after 6 days at 25 C, colonies are raised, white and smooth with an entire edge. On Dalmau plates after 2 weeks on cornmeal agar, pseudohyphae or true mycelia are not formed. Ascospores are not observed on YM, 5 % malt extract, cornmeal and YCBAS agars in pure and mixed cultures at 15 and 25 C for up to 4 weeks. Glucose is not fermented. Glucose, galactose, maltose, L-sorbose, D-arabinose (weakly), mannitol, glucitol, succinate (weakly), D-gluconate, xylitol (weakly) and Dglucono-1, 5-lactone are assimilated. No growth occurs in inulin, sucrose, raffinose, melibiose, lactose, trehalose, melezitose, methyl a-D-glucoside, soluble starch, cellobiose, salicin, L-rhamnose, D-xylose, L-arabinose, D-ribose, methanol, ethanol, glycerol, erythritol, ribitol, galactitol, myo-inositol, DL-lactate, citrate, D-glucosamine, 2-keto-D-gluconate, 5-keto-D-gluconate, D-glucuronate, arbutin and L-arabinitol. For the assimilation of nitrogen compounds, ethylamine, L-lysine, cadaverine and D-tryptophan are positive, whereas nitrate, nitrite, creatine, creatinine, glucosamine and imidazole are negative. Growth is observed at 35 C but not at 37 C. Growth in the presence of 0.1 % cycloheximide is positive, but growth in the presence of 10 % NaCl plus 5 % glucose and 1 % acetic acid is negative. Starch-like compounds are not produced. Urease activity and diazonium blue B reactions are also negative.
The type strain NYNU 146103 T was isolated from the gut of Pterostichus pterostichi collected in the Qilin Lake Scenic Area (approximate coordinates: 32 17¢ N 112 29¢ E) in Nanyang, Henan Province, China. The living culture from this type strain is maintained in lyophilised state as CICC 33062 T (=CBS 13929 T ) in the China Center of Industrial Culture Collection (CICC), Beijing, China and the yeast collection of the Centraalbureau voor Schimmelcultures (CBS), Utrecht, the Netherlands. The MycoBank number is MB 816964.
